ABSTRACT. For three years investigations from 1996 to 1998, we tried to isolate Escherichia coli O157:H7 from fecal samples collected from dogs and cats. In results, E. coli O157:H7 was isolated from 1 out of 614 samples (0.16%). This isolate produced Stx1 and Stx2 and was isolated from a dog kept by a human patient infected with E. coli O157:H7. Excluding in this case, dogs and cats as companion animals, therefore, may not give harbor to E. coli O157:H7.
Enterohemorrhagic Escherichia coli (EHEC) O157:H7 is an important food-borne pathogen causing abdominal cramps, diarrhea, hemorrhagic colitis and hemolytic uremic syndrome in human [2] . The mechanisms by which EHEC O157 strains cause disease are not completely understood. Virulence factors contributing to the pathogenesis include the production of either or both of two phage-encoded toxins (Shiga toxin 1 and 2; Stx1 and Stx2) which are thought to cause the vascular endotherial damage observed in patients with hemorrhagic colitis and hemolytic uremic syndrome [14] .
Since healthy domestic animals, in particular, ruminants like cattle, sheep and goats, can harbor EHEC O157:H7 and other serogroups EHEC in their feces, they are regarded as natural reservoirs of these organisms [4] . Enterohemorrhagic E. coli O157:H7 can be transmitted to humans through direct or indirect contamination of foods by fecal materials. Undercooked ground beef and raw milk have most often been implicated in food-borne infections [2] . In addition to consumption of contaminated foods, humans can be infected by direct transmission of EHEC O157 from infected animals or by secondary spread from person to person [2, 6] .
Dogs and cats called as companion animals have the most closely relationship with humans, and EHEC strains are rarely reported in companion animals [10, 13] . For that reason, a companion animal carrying with EHEC may become a human health threat. The pathogenic role of E. coli in small animals, particularly based on intestinal and urogenital isolations, is involved in a very low proportion of the EHEC strains. In dogs, occasional isolations are reported, from feces coming from both healthy and diarrheic dogs prevalence of the EHEC intestinal strains in dogs and cats, based on the habit of including regular or occasional raw meat in their diet, should not be underestimated. In this paper, we investigated the carrier rate of EHEC O157:H7 in companion animals for three years in Japan.
A total of 614 fecal samples were obtained from dogs and cats between 1996 and 1998. The samples were placed in a tube containing 1 ml of glycerol buffer (72 mM NaCl, 18 mM K 2 HPO 4 , 7 mM KH 2 PO 4 , 30% glycerol, pH 7.2) and kept at 4C with frozen ice packs. Samples were sent to the laboratory as soon as possible and tested within 24 to 48 hr. Fecal samples were inoculated EC broth (Eiken Chemical Co., Tokyo, Japan) containing 20 g/ml of novobiocin (SIGMA, St. Louis, MO, U.S.A.) and cultured at 42C for 24 hr. After incubation, 1 ml of bacterial cultures were used for the detection of O157 antigen by ELISA test and one roop of them were spread on sorbitol-IPA bile salt agar plates (Kyokuto Seiyaku Co., Tokyo, Japan). These plates were incubated at 37C for 24 hr. After incubation, up to ten non-sorbitol fermentative colonies were serologically tested regardless of the results of O157 screening test by ELISA. An 1 ml of bacterial cultures supplemented with 50 l of sample additive were treated with 100C for 15 min, and then centrifuged at 8,000 rpm for 5 min. Two hundreds microliters of the supernatants and positive control were transferred to TECRA E. coli O157 visual immunoassay microplate (Bioenterprises Pty Ltd., Roseville, Australia). The TECRA ELISA is a sandwich ELISA coating with E. coli O157 specific antibodies. The ELISA was performed according to manufacture's instructions supplied with the kit. Positive ELISA samples should be confirmed by spread plating the appropriate mEC broth onto sorbitol-IPA bile salt agar. Plates were incubated at 37C for 24 hr and nonsorbitol fermenting colonies were subjected to E. coli O157 serotyping.
Agglutination reactions using antisera for E. coli diagnosis (Denka Seiken Co., Tokyo, Japan) were performed on slides and in test tubes with the O157 antigen and H7 antigen. In addition, each of the isolates was confirmed as E. coli by the following biochemical reactions; indole positive, methyl red positive, Voges-Proskauer negative, citrate negative, and finally identified by using API 20 E (Bio Merieux S.A., Lyon, France).
Identification of shiga toxin genes were carried out using polymerase chain reaction (PCR). The primer pairs selected to amplify Stx1 and Stx2 gene segments (5'-3') (Stx1, ACCCTGTAACGAAGTTTGCG and ATCTCATGC-GACTACTTGAC; Stx2, TTAACCACACCCACGGCAGT and GCTCTGGATGCATCTCTGGT) have been used for PCR of EHEC [8] . The Stx1 primers amplify a 140-bp fragment, and the Stx2 primers amplify a 346-bp fragment, respectively. A 0.1 ml of cultured EC broth for each sample was inoculated in 3 ml of tryptic soy broth (Difco, Franklin Lakes, NJ, U.S.A.) and incubated at 37C for 24 hr. After incubation, 10 l of cultures were transferred into a 1.5 ml Eppendorf tube and added 90 l of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). These suspensions were boiled in a water bath for 10 min, and then centrifuged at 8,000 rpm for 15 min. The supernatants were used as PCR DNA samples. PCR procedure were carried out described by Hammermueller et al. [8] .
E. coli O157 antigens were detected in 9 (1.47%) out of 614 fecal samples by using ELISA (Table 1 ). Only 5 of E. coli O157 antigen positive samples were recovered from bacteria. E. coli O157 were isolated in Fukushima, Tokyo and Fukuoka Prefecture, but not in Okayama and Osaka where extraordinarily large outbreaks of EHEC O157:H7 infection occurred. Although E. coli O157 antigen could be detected from two dogs in Aichi and Okayama Prefecture, bacteria could not be isolated from these animals.
Among 5 E. coli O157 strains isolated from dogs and cats, one was serotype O157:H7, three O157:H45 and one E. coli O157 antigen-positive strain. This E. coli O157 antigen-positive strain was later identified Citrobacter freundii possessing E. coli O157 antigen. The carrier rate of E. coli O157:H7 in the dogs and cats was 0.16% in Japan. This sample was canine feces and the owner's family of this dog contained a human patient infected with E. coli O157:H7.
In the detection of Stx gene from 614 fecal samples, positive reaction of PCR showed that 6 (0.98%) carried Stx1 genes, 3 (0.49%) possessed Stx2 genes, and only one O157:H7 strain carried both Stx1 and Stx2 genes.
Biochemical results revealed serotypes O157:H7 and O157:H45. The tests that were responsible for differentiating these serotypes were for ornithin decarboxylase, sorbitol and rhamnose fermenting.
Our present studies, it is clearly showed extremely low carrier rate of E. coli O157:H7 in companion animals. Although E. coli O157:H7 strain was isolated only from one dog, this dog was kept under the special circumstance which E. coli O157:H7 infected person was included in the owner's family. According to previous studies, it is difficult to detect EHEC, especially E. coli O157:H7, in the companion animals [9] . Bentancor et al. [3] reported STEC isolates were recovered from 1.1% of the dogs (5/450). The major serotype of these isolates was O178:H19, followed by O91:H16, O91:H21, O157:H-and ONT:H19. In our results, three strains of serotype O157:H45 were isolated similarly to their results. It is indicated that dogs and cats as a companion animal may be impossible to become a carrier of E. coli O157:H7.
The major virulence factor of E. coli O157:H7 is known to be shiga toxins, Stx1 and Stx2. In the present investigation, Stx1 producing E. coli isolates were detected in 6 out of 614 and Stx2 producing isolates in 3 out of 614 fecal samples. From the results, it is estimated that the carrier rate of STEC in companion animals is very low. However, studies performed in Sweden on cats either with or without symp- toms of diarrhea demonstrated a 40% prevalence for STEC in clinically healthy cats and 95% in cats with diarrhea [1] . In Germany, Beutin et al. [4] reported a prevalence of around 4 and 14% in healthy and symptomatic pets, respectively. Comparing with these results, our data is very low carrier rate of STEC for reason confining to healthy animals. The role of dogs and cats as reservoirs of STEC should be elucidated in near future. In the case of examining carrier rate of EHEC O157:H7 in various animals, screening ELISA test for the detection of E. coli O157 antigen have been used, and slide agglutination test using a rabbit antisera for E. coli O157 have been carried out. It is possible to bring to incorrect results by cross reactivity with Escherichia hermannii and Citrobacter freundii carrying E. coli O157 antigen when use these detection methods. In our present results, an E. coli-like organism was isolated from an O157 screening ELISA test positive fecal sample, and further it showed a positive reaction in the slide agglutination test. This E. coli-like organism was identified as C. freundii by biochemical tests. E. hermannii and C. freundii carrying the E. coli O157 antigen was reported in a previous paper [5] . The previous studies demonstrated lipopolysaccharides exhibiting broad crossreactivity of E. coli O157 with other Gram-negative bacteria, such as E. hermannii, Salmonella sp. group N, Vibrio cholerae O1, Yersinia enterocolitica O9, Brucella abortus, Pseudomonas maltophilia and C. freundii. The cross-reactivity is caused by O-specifc polysaccharide antigens in LPS, which contain similar epitopes involving N-acyl or Nacetyl derivatives of 4-amino-4,6-dideoxy-K-D-mannopyranosyl residues [12] . From the above reports, further additional test, such as determining H antigen or Stx production test are necessary for identification of E. coli O157:H7.
All of E. coli O157:H45 strains demonstrated the same results in biochemical tests. In comparison with the biochemical characteristics of E. coli O157:H7, these isolates revealed negative reaction of ornithine decarboxylase and positive of sorbitol and rhamnose fermentation. Escherichia coli O157:H45 is a non-pathogenic organism and may be normal flora in a canine intestinal tract. It is at least necessary to confirm the negative fermentation of sorbitol on a sorbitol Macconkey agar as E. coli O157:H45 carrying dogs was mistaken for E. coli O157:H7 positive by only an ELISA screening using O157 antigen.
Trevena et al. [15] reported transmission of EHEC E. coli O157:H7 infection from farm animal to humans. Similar reports for relationship E. coli infection from animals or food meats to humans have been published [7, 11] . There may be an outbreak of EHEC infection transmitted from infected dogs or cats, but it is considered that E. coli O157:H7 is rarely transmitted from companion animals to humans. If we can get the human isolate from owner breeding an infected dog, we would like to clarify the epidemiological relationship from human to a dog by using genetic identification methods, such as PFGE analysis.
In the present study, we describe a carrier rate of E. coli O157:H7 in companion animals and suggest a possibility of transmission from owner's family members to a breeding dog. However, we consider that E. coli O157:H7 is not able to colonize in a canine intestine and only simple passage bacteria in the dogs. If the companion animal was carried or infected with E. coli O157:H7, the owner should be obedient to the hygienic strategies including a strictly hand washing, controlled and supervised contact with animals, and clear separation of food-related activities from areas of housing animals for prevention of these infection. Moreover, if an owner was infected with EHEC, an owner should be isolated from his/her companion animals in his/her house and be treated by antibiotic therapy as soon as possible.
